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(57)Abstract 

PROBLEM TO BE SOLVED: To control the generation of nuclei and to synthesize 
a high-quality large bulky gallium nitride single crystal at relatively low temperature 
and low pressure. 

SOLUTION: A substrate with a thin gallium nitride (QaN) film or a thin aluminum 
nitride (A IN) film deposited on the surface and starting materials of nitrogen and 
gallium are heated to generate nuclei on only the surface of the substrate and the 
objective bulky gallium nitride single crystal is grown. A sapphire substrate, a GaAs 
substrate, a GaP substrate or a silicon substrate ts preferably used as the 
substrate. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The training approach of the gallium nitride single crystal characterized by heating the substrate which made the gallium 
nitride (GaN) thin film or the alumimium nitride (AIN) thin film deposit on a front face, and a nitrogen raw material and a gallium raw 
material, carrying out karyogenesis only on a substrate front face, and raising a bulk-like gallium nitride single crystal. 
[Claim 2] The training approach of the gallium nitride single crystal of claim 1 using silicon on sapphire, a GaAa substrate, a GaP 
substrate, or a silicon substrate as a substrate. 

[Claim 3] The training approach of the gallium nitride single crystal of claims 1 or 2 using the substrate which made the GaN thin film or 
the AIN thin film deposit on a front face by the laser ablation method. 

[Claim 4] The training approach of claim 1 using a sodium azide (NaN3) as a nitrogen raw material thru/or one gallium nitride single 
crystal of 3. 

[Claim 5] The training approach of claim 1 using a simple substance gallium metal as a gallium raw material thru/or one gallium nitride 
single crystal of 4, 

[Claim 6] The training approach of claim 1 heated above 600 degrees C thru/or one gallium nitride single crystal of 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Invention of this application relates to the training approach of a gallium nitride single crystal. In more detail, 
invention of this application is lowtemp era ture low voltage comparatively, and relates to the new.approach the gallium nitride single 
crystal of the shape of quality bulk is raisable. 
[0002] 

[Description of the Prior Art] It is observed as an ingredient of a gallium nitride blue light emitting device. And what depends gallium 
nitride on the heteroepitaxial growth using silicon on sapphire as a thin film by epitaxial growth is Igiown. (However, the lattice constant 
difference (13,8%) of a substrate and a thin film, a coefficient-of~therma!-expansion difference (25.5%), and the difference in ^loMtJtoM! 
serve as a neck, and there is a problem that it is difFtcutt to acquire sufficient crystalltnity from a^ustment with a substrate being bad in 
the gallium nitride as such a thin film. 

[0003] In consideration of such a trouble, the approach of producing the device by homoepitaxial growth is examined on the gallium 
nitride single crystal substrate, and implementation of the bulkHike galtfum nitride single crystal used as the substrate has been an 
important technical problem. However, since the equilibrium vapor pressure of nitrogen [ in / in the nitride crystal of the shape of bulk, 
such as GaN and AIN, / the melting point] was 10,000 or more atmospheric pressures, in melt growth of GaN, 1200 degrees C and 8000 
atmospheric pressures were needed, it needed the elevated temperature and high pressure beyond it in AIN, and training of such a bulk- 
tike single crystal was very difficult equilibrium vapor pressure. 

[0004] On the other hand, if Na is used for a catalyst, the thing comparatively compoundable [ the bulkHike gallium nitride single crystal 
of high quality ] with low temperature and low voltage of 800 degree 0 and 100 atmospheric pressure is very recently found out- 
Although the synthetic approach of this bulkHike gallium nitride single crystal attracts attention, it has become clear [ that many 
troubles are still left behind ]. In the crystal growth by natural karyogenesis, since it cannot perform karyogenesis control, I hear that a 
nucleus will occur so much and there is. Therefore, the compounded gallium nitride single crystal had the trouble of being obtained only 
as a very small crystal. 

[0005] Then, invention of this application is made in view of the situation as above, enables control of karyogenesis, is low temperature 
and low voltage comparatively, and makes it the technical problem to offer the new approach of compounding the quality gallium nitride 
single crystal of the shape of big bulk. 
[0006] 

[Means for Solving the Problem] As what solves the above-mentioned technical problem, invention of this application heats the 
substrate which made the gallium nitride (GaN) thin film or the alumimium nitride (AIN) thin film deposit on a front face, and a nitrogen 
raw material and a gallium raw material to the 1 st and provides it with the training approach of the gallium nitride single crystal 
characterized by carrying out karyogenesis only on a substrate front face, and raising a bulk-like gallium nitride single crystal. 
[0007] This invention as a substrate the approach of using silicon on sapphire, a GaAs substrate, a GaP substrate, or a silicon substrate 
for the 2nd furthermore, to the 3rd By the laser ablation method, the approach using the substrate which made the GaN thin film or the 
AIN thin film deposit on a front face tb the 4th The approach of heating the approach of using a simple substance gallium metal for the 
5th for the approach using a sodium azide (NaN3) as a nitrogen raw material as a gallium raw nfiaterial, above 600 degrees C to the 6th 
is also offered. 

[0008] Invention of this application as above is completed based on the new knowledge as the follows found out by artificers. That is. 
when the substrate which made the GalM thin film or the AIN thin film deposit on a front face a little is Introduced, even if a bulk-Kke 
gallium nitride single crystal introduces only a substrate, without not carrying out karyogenesis but on the other hand making a thin film 
deposit only on the front face, it is not generating the nucleus of gallium nitride on these substrates. 

[0009] Therefore, in the natural nucleus evolution method using the conventional Na catalyst, control of the karyogenesis location of 
impossible gallium nitride becomes possible, and is made possible by invention of this application in offer of the bulkHike gallium nitride 
single crystal of high quality by the large area. 
[0010] 

[Embodiment of the Invention] Although invention of this application has the description as above-mentioned, it explains the gestalt of 
that operation below. First, in the training approach of the gallium nitride single crystal this invention, use of the substrate which made 
the thin film of gallium nitride (GaN) or alumimium nitride (AIN) deposit on a front face is indispensable. The membrane formation 
deposition of GaN in this case and the thin film of AIN may be carried out by CVD. Laser CVO, laser ablation, reactive sputtering, 
reactant ion plating, the cluster ion forming-membranes method, various kinds of other gaseous-phase methods, or the other 
approaches that are made possible. For example, more specifically in this invention, for example, the laser ablation method can be 
suitably used as the deposition approach of a GaN thin film or an AIN thin film. 

[0011] As a substrate, various kinds of substrates, such as silicon on sapphire, a GaAs substrate, an AaAIAs substrate, a GaP substrate, 
an InP substrate, arid a silicon substrate, can be used. There is especially no limitation about the thickness of the thin film of GaNAIN. 
However, since this thin film has played in catalyst the rote which makes the nucleus of bulkHike GaN single crystal growth generate 
altemath/eiy. fundamentally, that thickness may be [ which plays such a role ] thin [ all ]. Of course, what Is necessary is just to define 
the flat-surface nrragnitude by the viewpoint that the magnitude of a bulk single crystal Is influenced with the magnitude of a substrate. 
[0012] The nitrogen raw materials and gallium raw materials of an approach of this invention which are used with the substrate as above 
are easy to be various kinds of things as solid matter, tend to generate nitrogen and a gallium to training reaction time, and should not 
just check generation of GaN. Consideration of that it is known that Na (sodium) shows a catalyst-operation illustrates compounds. 
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such as azide of Na, an azine. and hydrazlde, as the nitrogen-containing compound of Na, and a suitabie thing especially. You may be the 
nitrogen-containing compound of an element which does not make a compound etc. generate among Ga(s), such as other alkali metal 
and alkaline earth metal. 

[0013] It is easy to be the thing of the various kinds [ raw material / gallium ] of a simple substance metal, an alloy, and a compound. It 
is one of the suitable things also from from after handling [ the simple substance metal of a gallium ] especially. A pyrogenetic reaction 
is the thermal resistance of a stainless steel container etc., and can be performed within a pressure-resistant and nonresponsive 
container. In this invention, a gallium nitride single crystal carries out karyogenesis also at the comparison-low temperature of 600 
degrees C. This temperature is temperature in which karyogenesis is almost impossible in the conventional natural nucleus evolution 
method. 

[0014] An example is shown below and this invention Is explained further in detail. 
[0015] 

[Example] an example 1 ~ using the manufacture approach of this invention, the class of substrate was changed and bulk-like gallium 
nitride single crystal growth was performed. First, the sodium azide (NaN3) and simple substance gallium metal which are a start raw 
material were enclosed with the stainless steel tube, and were heated to about 800 degrees C. Ga and NaN3 Gamma=Na/(Na+Qa) 
defined the weighing capacity ratio. 

[0016] In order to perform training as which the effectiveness of seed crystal is regarded as visually as possible, the small substrate 
(about 25mm 2) of a lattice constant difference with GaN was added to the start raw material, it enclosed in the tube (the bore of 
. 12mm. die length of 10cm), and training was tried. As a substrate, the AIN thin film silicon on sapphire which made the AIN thin film 
deposit on silicon on sapphire, and the substrate on which the thin film which is the conventional technique is not made to deposit, i.e., a 
SIC substrate. Si substrate and silicon on sapphire were also used. Each substrate side was made Into the AIN thin film (0001) side (on 
silicon on sapphire). Si substrate (111) side of the conventional technique, the silicon-on-sapphire (0001) side, and the SiC substrate 
(0001) side. The lattice constant difference of GaN and each substrate is as being shown In Table 1. and the lattice constant of this 
invention is very small. 
[0017] 
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[0018] It considered as pressure 100 atmospheric pressure. gammaNa=0.4. and temperature holding-time 24 hours, and raised by low- 
temperature-lzing the highest attainment temperature with 800 degrees C to 700 degrees C, 600 degrees C. and 500 degrees C. 
Consequently, gallium nitride singje crystal growth took place above 600 degrees C only on GaN and the AIN thin film of this invention 
with the smallest lattice constant difference. However, gallium nitride single crystal growth did not take place on Si substrate of the 

conventional technique, silicon on sapphire, and a SiC substrate. 

[0019] The SEM photograph and optical microscope photograph of a GaN crystal on an AIN thin film (silicon on sapphire) were shown as 
drawing 1 . Grain size is small as are shown also in the optical microscope photograph, and a hexagon-like grain has arranged and 
temperature becomes low. The X diffraction measurement result of a gallium nitride single crystal was as having been shown in drawing 
2 . The diffraction peak from a GaN (0002) side was acquired above 600 degrees C, and this drawing 2 showed carrying out C shaft 
orientation of the gallium nitride single crystal on an AIN thin film. 

[0020] Moreover, in order to evaluate the crystaliinlty of the gallium nitride single crystal of this invention. X-ray rocking curve 
measurement and cathode luminescence measurement were performed. The result of the X-ray rocking curve measurement was as 
having been shown in drawing 3 (a) and (b). This drawing 3 shows that crystailinity and a stacking tendency are getting worse, so that 
temperature becomes low. Furthermore, the result of cathode luminescence measurement is as having been shown in drawing 4 , and it 
turns out that near [ a band edge ] luminescence of about 3.4 (eV) is observed, and half-value width is large, so that temperature is low. 

[0021] From the above example, by introducing a substrate shows that nitrogen gallium single crystal growth takes place on an AIN thin 
film at 600 degrees C of low temperature from natural nuclear growth. 

The gallium nitride single crystal by natural nuclear growth was raised without inserting the example substrate of a comparison. If it 
removed inserting a substrate, they were the same conditions as an example 1 . That Is. it is NaN3 so that the highest attainment 
temperature may be made into 800 degrees C and the pressure in a tube may become 100 atmospheric pressures using a stainless 
steel tube with a bore [ of 7mm ], and a die length of 10cm. When weighing capacity was carried out and having been raised in 
gamma Na=0.25-0.64. the gallium nitride single crystal was obtained by gammaNa=0.4-0.47. 

[0022] However, much crystals were made, and size is the greatest tNng and was able to do only the about 0.5mm very small thing. 
When one of the crystals was observed, it had become a plate-like crystal. Next the X diffraction over a monotonous field, the rocking 
curve, and cathode luminescence of a crystal were measured about the gallium nitride single crystal generated with the conventional 
technique. The crystal X diffraction measurement result was as having been shown in drawin g 5 (A) and (B), and the diffi^action peak 
corresponding to a field (0002) v/as observed, and it turned out that a monotonous field is a field (0002). Furthermore, when the rocking 
curve to this field v/as measured, the value of half-value-width 77 seconds was acquired. Moreover, near [ a band edge ] luminescence 
which has a peak in about 3.4 (eV) like drawing 6 at a room temperature was observed as a result of cathode luminescence 
measurement. 
[0023] 

[Effect of the Invention] As explained in detail above, by this invention, control of karyogenesis is enabled and a big low temperature and 
bulk-like gallium nitride single crystal quality at tow voltage can be raised comparatively. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[OrawingJl The SEM photograph and optical microscope photograph as an example of this invention are shown. 

[Drawing 2] It is the example of this invention and is as a result of [ of the crystal of this invention ] an X diffraction. 

[Drawing jl (a) and (b) are the examples of this invention, and are as a result of [ of the crystal of this invention j X-ray rocking curve 

measurement. 

[Drawing 4] It is the example of this invention and is as a result of [ of the crystal of this invention ] cathode luminescence 
measurement. 

[Drawing 5] It is as a result of [ of the crystal obtained by the conventional approach ] X-ray rocking curve measurement. 
[Drawing 61 It is as a result of [ of the crystal obtained by the conventional approach ] cathode luminescence nneasurement. 
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